The incidence of pharyngolaryngeal adverse events associated with laryngeal mask airways can be reduced by the use of manometry to limit the laryngeal mask airway intracuff pressures. We conducted a prospective, observational study in 80 patients undergoing general anaesthesia with the ProSeal™ laryngeal mask airway to determine the accuracy of a finger palpation technique compared to actual readings obtained from a handheld manometer by different anaesthesia personnel. The strength of association of estimated versus actual intracuff pressures, R, for nurse anaesthesia assistants, junior anaesthetists and senior anaesthetists were 0.21 (weak), 0.35 (moderate) and 0.78 (strong) respectively. Subgroup analysis showed that anaesthetists with more than three years of experience were more accurate than those with less than three years of experience. The actual versus estimated intracuff pressures were 4±17 vs 19±27 cmH 2 O (P value <0.001) respectively. In all groups, the palpation technique tended to underestimate the actual intracuff pressure by a mean of 10.3 cmH 2 O. Palpation accuracy decreased when actual intracuff pressures were >80 cmH 2 O. These findings suggest that cuff pressure manometry should be recommended as standard of care with the use of laryngeal mask airways.
Since its introduction by Brain in the late 1990s, the ProSeal™ laryngeal mask airway (PLMA, LMA North America Inc., San Diego, USA) has seen widespread utilisation in the practice of anaesthesia 1, 2 . The popularity of the PLMA stems from its versatility as a supraglottic airway device -allowing spontaneous as well as positive pressure ventilation. Modifications to improve the seal and separate the gastrointestinal and respiratory tracts reduce the risk of pulmonary aspiration of gastric contents 3 .
Supraglottic devices are not without complications. The incidence of pharyngolaryngeal adverse events after general anaesthesia with laryngeal mask airways can be as high as 45% 1 . These adverse outcomes can be reduced by up to 70% if manometry is used to limit laryngeal mask airway intracuff pressure to less than 60 cmH 2 O 1 . Routine monitoring of intracuff pressure using manometry is still not widely adopted as the standard of care amongst anaesthetists. Many are relying on estimation of intracuff pressures via finger palpation of the valve pilot balloon.
This prospective observational study aimed to determine the accuracy of the finger palpation technique in estimating the PLMA intracuff pressure amongst anaesthetists of varying seniority and duration of anaesthesia practice as well as nurse anaesthesia assistants. The estimations were compared against true measurements using a handheld manometer.
METHODS
Eighty patients who required general anaesthesia with a supraglottic airway device for either elective or emergency surgery were prospectively recruited. The study took place over a two-month period in Khoo Teck Puat Hospital, Singapore. The project was reviewed by the institutional ethics committee (Domain Specific Review Board D, National Healthcare Group, Singapore) and considered a quality improvement initiative that did not depart from standard clinical practice. Standard monitors were employed throughout all procedures. These included pulse oximetry, electrocardiography, non-invasive blood pressure, end-tidal carbon dioxide concentration and endtidal concentration of anaesthetic agents. Induction of general anaesthesia was achieved with propofol 2 to 4 mg/kg and fentanyl 1 to 2 µ/kg. When the appropriate depth of anaesthesia was achieved (loss of eyelash reflex and adequate jaw relaxation), a PLMA of appropriate size was inserted with the finger technique, without the aid of an introducer. The PLMA was then inflated by a volume of air (as per the manufacturer's recommendation) by the anaesthetic practice nurse assistant. The PLMA was deemed to be sitting in the correct anatomical position by the ease of manual ventilation, presence of a square waveform on the end-tidal carbon dioxide tracing, as well as easy passage of a gastric tube via the gastric port. For each PLMA inserted, two anaesthetists (senior and junior) and the anaesthesia practice nurse assistant who assisted with the laryngeal mask airway (LMA) insertion were then asked to manually palpate the pilot balloon to independently give an estimate of the intracuff pressure. The actual intracuff pressure was then measured using a handheld manometer and the readings were recorded. All PLMA intracuff pressures were subsequently adjusted to ≤60 cmH 2 O for the entire duration of the procedure to minimise the risk of pharyngolaryngeal adverse events.
The anaesthesia personnel were divided into three groups for data collection -the senior anaesthestist group, the junior anaesthestist group and the anaesthesia practice nurse assistant group. The primary outcome was the accuracy of estimation of PLMA intracuff pressure by finger palpation among the different groups. The Pearson correlation coefficient of the estimated versus actual intracuff pressures was calculated. A P value of <0.05 was taken to be significant. A secondary analysis was undertaken to determine whether there was an association between years of anaesthesia experience and the accuracy of intracuff pressure estimation via finger palpation.
RESULTS
A total of 80 patients were recruited into the study. The outcomes of all 80 subjects were analysed. Table 1 shows the descriptive characteristics of the study. The median years of experience of junior anaesthestists, senior anaesthestists and anaesthesia practice nurse assistant were 2.8, 9 and 2 years respectively. PLMA were used in all cases, with sizes 3 and 4 being the majority (88%). The mean estimated intracuff pressure was 59 cmH 2 O, whereas the mean actual intracuff pressure was 69 cmH 2 O.
The accuracy of estimation of PLMA intracuff pressure by finger palpation according to groups is presented in scatter-plots in Figure 1 . The strength of association, R, for nurse assistants, junior anaesthestists, and senior anaesthestists was 0.21 (weak), 0.35 (moderate) and 0.78 (strong) respectively.
Further analysis of the two anaesthestists groups showed that the mean difference of actual minus estimated intracuff pressures in anaesthestists with more than three years of experience was 3.7±17.4 cmH 2 O, whereas that for anaesthestists with less than three years of experience was 19.1±26.9 cmH 2 O (Student's t-test, P value <0.001). Anaesthestists with more than three years experience were more accurate in gauging LMA intracuff pressures.
In all groups, the palpation technique tended to underestimate the actual intracuff pressure by a mean pressure of 10.3 cmH 2 O. The palpation technique accuracy correlated poorly when the actual intracuff pressures were >80 cmH 2 O (Figure 2 ).
DISCUSSION
The modern day healthcare system focuses not only on the delivery of safe and reliable care, but also on the importance of ensuring that the patients' experiences are positive throughout their whole encounter. With rising expectations, it has become less acceptable for patients and families alike if an iatrogenic injury were to arise due to a lack of attention on the part of the healthcare practitioner.
The supraglottic airway device has revolutionised and, in many ways, simplified the way anaesthesia is practised since its introduction in the 1990s.
However, we cannot overlook the fact that sore throat, difficulty in swallowing and hoarseness of voice are common complaints amongst our patients that lead to significant discomfort in the postoperative period. Numerous case reports have emerged, citing association between recurrent laryngeal, hypoglossal and lingual nerve injuries and the use of the LMA 4 . The underlying pathophysiology of these iatrogenic injuries is thought to be due to decreased perfusion of the pharyngeal mucosa secondary to high LMA intracuff pressure 5 .
In a recent randomised controlled trial conducted by Seet et al where the authors compared the incidence of pharyngolaryngeal complications in ambulatory surgical patients managed with manometers to limit intracuff pressure with patients having routine care of LMA insertion (without the use of manometry), they found that by limiting the maximum intracuff pressure to less than 60 cmH 2 O, the incidence of pharyngolaryngeal complications was reduced by as much as 70% 1 .
Despite this knowledge, the use of pressure manometers is still not adopted as the standard of care in many centres. Many anaesthestists are still relying on the finger palpation method to estimate the LMA intracuff pressure.
Our study demonstrates that there is significant discrepancy between the estimated PLMA intracuff pressures versus the actual pressures obtained via a handheld manometer across different groups of anaesthesia personnel. Senior anaesthestists with more than three years of experience estimated PLMA intracuff pressures most accurately (R=0.78). In general, under-estimation occurred more frequently, with the margin of error widening as the actual intracuff pressure increases (>80 cmH 2 0). This is demonstrated in Figure 2 , where we combined all the observations that were obtained (i.e. irrespective of the seniority of anaesthetic staff) and plotted the difference (actual minus estimated) in intracuff pressure on the Y-axis versus the actual intracuff pressure on the X-axis, and found that the scatter widened significantly when the actual intracuff pressure exceeded 80 cmH 2 O.
These findings concur with other studies which have been conducted. Townley et al demonstrated that out of 114 cuff estimations that were observed to be low, 49 (43%) were unacceptably high 6 . In their study, the sensitivity of manual palpation of the pilot balloon to estimate cuff pressure was found to be only 52% 6 . High intracuff pressures may result in an increase in postoperative pharyngolaryngeal adverse events 1 .
Anaesthesia and Intensive Care, Vol. 40, No. 3, May 2012 An in vitro study conducted by Keller and Brimacombe, where they tested the accuracy of digital palpation in estimating intracuff pressure by 10 anaesthetists and 10 recovery-unit nurses before and after training, found that subjects in the training group could estimate 95% of pressures for the LMAs to within ±10 cmH 2 O of the target if the initial pressure was low 7 . We found that finger palpation technique estimated actual intracuff pressures well at lower pressures. However, a wider margin of error of estimation was seen as the intracuff pressure increased (>80 cmH 2 O).
Our study also showed that senior anaesthestists (more than three years of experience) were better than junior anaesthestists and anaesthetic nurse assistants in gauging the LMA intracuff pressure via finger palpation, suggesting a link between experience and accuracy. This is a unique feature of our study, where we compared anaesthestists of varying levels of experience and demonstrated that years of practice do influence the accuracy of estimation.
However, while senior anaesthestists appear to have better tactile accuracy in estimating PLMA intracuff pressures, the accuracy diminishes at raised intracuff pressures of greater than 80 cmH 2 O. This is an important finding to us, as it demonstrates that despite years of practice, the susceptibility to error is still present. This error is easily rectified if a pressure manometer is used as a matter of routine.
One of the limitations of our study was that we only utilised the LMA Proseal and not the other types of LMA, such as the Classic LMA or the LMA Supreme™ (The Laryngeal Mask Company, Singapore). It may be that the degree of accuracy of finger palpation can be affected by the type and material of LMA used. Another limitation was the project design, which was observational in nature. Nevertheless, despite the limitations, our findings suggest that finger palpation is not an accurate technique for LMA ProSeal intracuff pressure estimation, and we recommend that cuff pressure manometry should be considered a standard of care with the use of laryngeal mask airways.
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